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OFDM TRANSMISSION/RECEPTION
DEVICE FOR TRANSMITTING AND
RECEIVING OFDM SYMBOLS HAVING A

VARIABLE DATA TRANSMISSION RATE AND
METHOD THEREOFK

This application 1s a National Stage of International Appli-
cation No. PCT/KR2008/002473 filed Apr. 30, 2008 and
claims priority Korean Patent Application No. 10-2007-
0051724 filed on May 28, 2007/, 1n the Korean Intellectual

Property Office, the disclosure of which 1s incorporated
herein 1n 1ts entirety by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to orthogonal frequency divi-
sion multiplexing (OFDM) transmission and reception
devices and methods thereol. More particularly, the present
invention relates to OFDM transmission and reception
devices which transmit and recerve OFDM symbols having a
variable data transmission rate, and to methods thereof.

2. Description of the Related Art

With the development of electronic and communication
technologies, digital technologies have been introduced 1nto
the field of broadcasting systems, and diverse standards for
digital broadcasting have been published. Specific examples
of such standards are the U.S.-oriented Advanced Television
Systems Committee Vestigial Sideband (ATSC VSB) stan-
dard and the European-oriented Digital Video Broadcasting-
Terrestrial (DVB-T) standard. These two standards differ
from each other 1n many ways, such as the manner of audio
compression and the channel bands employed. In particular,
ATSC VSB standards employ single carrier schemes, but
DVB-T standards employ multiple carrier schemes.

The multiple carrier schemes employed 1n DVB-T stan-

dards 1s an orthogonal frequency division multiplexing
(OFDM) scheme. OFDM schemes are utilized as standards

for IEEE 802.11a, ETSI BRAN’S HIPERL AN 2, European
digital audio broadcasting (DAB) and digital TV DVB-T. A
conventional single carrier transmission scheme in which
information 1s carried by a single carrier causes interference
between symbols to increase, so distortion also increases.
Accordingly, an equalizer of a recerver must be complicated.
In order to solve these problems of the conventional single
carrier transmission scheme, OFDM schemes have been
introduced.

OFDM schemes enable data to be transmitted using multi-
carriers. Such OFDM schemes are able to convert data sym-
bols mput 1n series into parallel data symbols, to modulate
cach of the parallel symbols 1nto a plurality of tone signals
which are orthogonal to each other, and to transmit the modu-
lated signals.

OFDM schemes have been widely applied to digital trans-

mission technologies, such as Digital Audio Broadcasting
(DAB), digital television, Wireless Local Area Network

(WLAN) or Wireless Asynchronous Transter Mode
(WATM). In particular, OFDM schemes maintain orthogo-
nality between tone signals, unlike conventional multi-carrier
schemes, so 1t 15 possible to obtain optimum transmission
eiliciency during high speed data transmission. Additionally,
almost the entire available frequency band can be utilized and
multi-path fading can be reduced.

In a DVB-T system, pilot tones are inserted into OFDM
symbols, and the OFDM symbols into which the pilot tones
are 1nserted are transmitted to a reception device, so that the
reception device may perform channel equalization and esti-
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2

mation. The number of pilot tones to be used may be deter-
mined according to the type of standard. For example, 142

pilot tones may be used in a 2K Fast Fourier Transtform (FFT)
transmission mode, and 568 pilot tones may be used in an 8K
FFT transmission mode. The capacity of pilot tones corre-
sponds to approximately 8.3% of the total data transmission
capacity.

The reception device checks the pilot tones inserted into
the OFDM symbols, to analyze the noise of channels, so as to
perform channel equalization. The pilot tones are iserted
into the OFDM symbols according to regular pilot insertion
patterns, which are shared between the reception device and
transmission device.

A conventional DVB-T system has the advantage that 1t 1s
able to receive signals while moving, because channel esti-
mation mnformation is rapidly updated by frequent insertion
of pilot tones 1n a time shait. However, excess pilot insertion
causes a reduction in the capacity of data to be actually
transmuitted.

If a reception device 1s fixed 1n place so that it hardly
moves, there are not many changes in the time characteristics
of channels formed between the reception device and trans-
mission device.

However, even 1n this situation, pilot tones are inserted 1nto
OFDM symbols 1n the conventional DVB-T system without
changing the pilot insertion pattern, so the data transmission
rate 1s reduced unnecessarily.

SUMMARY OF THE INVENTION

The present invention provides orthogonal frequency divi-
sion multiplexing (OFDM) transmission and reception
devices which are able to transceive OFDM symbols having
a variable data transmaission rate in order to efliciently trans-
mit data, and methods thereof.

The present invention also provides orthogonal frequency
division multiplexing (OFDM) transmission and reception
devices which are able to transceive data by variably adjust-
ing the data transmission rate while utilizing an original sys-
tem used as an OFDM transceiver, and methods thereof.

According to an aspect of the present invention, there 1s
provided an orthogonal frequency division multiplexing
(OFDM) transmission device which transmits OFDM sym-
bols to at least one reception device, the OFDM transmission
device including an OFDM transmission processing unit
which generates a plurality of OFDM symbols; a pilot inser-
tion unit which inserts pilot tones into each of the plurality of
OFDM symbols; and a control umt which controls the pilot
isertion umt to insert the pilot tones according to a pilot
insertion pattern which 1s selected to correspond to a commu-
nication environment from among a plurality of pilot inser-
tion patterns.

The control unit may control the pilot msertion unit to
insert the pilot tones into only some of the plurality of OFDM
symbols, 1if a static communication environment 1s estab-
lished 1n which the at least one reception device recerves the
plurality of OFDM symbols while being fixed i place.

The control unit may control the pilot nsertion unit to
isert the pilot tones into each of the plurality of OFDM
symbols, 11 a dynamic communication environment 1s estab-
lished 1n which the at least one reception device recerves the
plurality of OFDM symbols while moving.

The control unit may select one from among a {first pilot
insertion pattern in which pilot tones are inserted into only
one OFDM symbol among every three OFDM symbols, a
second pilotinsertion pattern in which pilot tones are inserted
into only two OFDM symbols among every three OFDM
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symbols, a third pilot insertion pattern in which pilot tones are
inserted into four OFDM symbols among every five OFDM
symbols, and a fourth pilot mnsertion pattern in which pilot
tones are 1serted 1nto all of the plurality of OFDM symbols,
and may control the pilot insertion unit to insert the pilot tones
into the plurality of OFDM symbols according to the selected
pilot msertion pattern.

The OFDM transmission device may further include a
storage unit which stores information regarding the first to
tourth pilot insertion patterns; and an input unit which inputs
information regarding the communication environment. The
control unit may select a pilot insertion pattern corresponding
to the information regarding the communication environment
received from the input unit, and the pilot insertion unit may
read information regarding the selected pilot insertion pattern
from the storage unit and insert the pilot tones based on the
read information.

The pilot insertion unit may 1nsert each pilot tone 1nto a
single OFDM symbol every twelfth tone so that the pilot tone
on the OFDM symbol may be spaced apart from a pilot tone
on a previous OFDM symbol by three tones.

The control unit may control the pilot insertion unit to
insert each pilot tone in each preset pilot insertion position on
only some of the plurality of OFDM symbols according to the
type of communication environment.

The pilot 1nsertion unit may insert each pilot tone into a
single OFDM symbol every n-th tone so that the pilot tone on
the OFDM symbol may be spaced apart from a pilot tone on
a previous OFDM symbol by m tones. Here, n and m may be
natural numbers.

The control unit may change the pilot insertion pattern by
adjusting at least one of n and m according to the type of
communication environment.

The control unit may control the pilot insertion unit to
insert each pilot tone in each preset pilot insertion position on
only some of the plurality of OFDM symbols according to the
type of communication environment, 1f n and m are fixed
values.

The control unit may notify the at least one reception
device of the information regarding the selected pilot inser-
tion pattern via data tones in at least one OFDM symbol
among the plurality of OFDM symbols.

According to another aspect of the present invention, there
1s provided an orthogonal frequency division multiplexing
(OFDM) transmission method which transmits OFDM sym-
bols to at least one reception device, the OFDM transmission
method including generating a plurality of OFDM symbols;
selecting one pilot insertion pattern from among a plurality of
pilot insertion patterns according to the type of communica-
tion environment with the at least one reception device;
iserting pilot tones mnto each of the plurality of OFDM
symbols according to the selected pilot insertion pattern; and
transmitting the plurality of OFDM symbols to the at least one
reception device.

The selecting may 1nclude selecting a pilot insertion pat-
tern 1n which pilot tones are inserted into only some of the
plurality of OFDM symbols, 11 a static communication envi-
ronment 1s established 1n which the at least one reception
device recerves the plurality of OFDM symbols while being
fixed 1n place.

The selecting may include selecting a pilot insertion pat-
tern in which pilot tones are inserted into each of the plurality
of OFDM symbols, 11 a dynamic communication environ-
ment 1s established in which the at least one reception device
receives the plurality of OFDM symbols while moving.

The selecting may include selecting one from among a first
pilot insertion pattern in which pilot tones are inserted nto
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only one OFDM symbol among every three OFDM symbols,
a second pilot insertion pattern in which pilot tones are
inserted ito only two OFDM symbols among every three
OFDM symbols, a third pilot insertion pattern in which pilot
tones are mserted mto four OFDM symbols among every five
OFDM symbols, and a fourth pilot insertion pattern in which
pilot tones are inserted into all of the plurality of OFDM
symbols, according to the type of communication environ-
ment.

The inserting may include nserting each pilot tone 1nto a
single OFDM symbol every twelith tone so that the pilot tone
on the OFDM symbol may be spaced apart from a pilot tone
on a previous OFDM symbol by three tones.

The mserting may 1nclude mserting each pilot tone 1n each
preset pilot insertion position on only some of the plurality of
OFDM symbols according to the type of communication
environment.

The nserting may include nserting each pilot tone 1nto a
single OFDM symbol every n-th tone so that the pilot tone on
the OFDM symbol may be spaced apart from a pilot tone on
a previous OFDM symbol by m tones. Here, n and m may be
natural numbers.

The selecting may include selecting one from among the
plurality of pilot insertion patterns by adjusting at least one of
n and m according to the type of communication environ-
ment.

The selecting may include selecting a pilot insertion pat-
tern 1n which each pilot tone 1s 1nserted in each preset pilot
insertion position on only some of the plurality of OFDM
symbols according to the type of communication environ-
ment, 1f n and m are fixed values.

The OFDM transmission method may further include noti-
tying the at least one reception device of information regard-
ing the selected pilot insertion pattern via data tones 1n at least
one OFDM symbol among the plurality of OFDM symbols.

According to another aspect of the present invention, there
1s provided an orthogonal frequency division multiplexing
(OFDM) reception device, the OFDM reception device
including a recerving umt which receives a plurality of
OFDM symbols, of which the data transmission rate varies
according to changes in pilot insertion patterns; a pilot inser-
tion pattern determination unit which detects pilot 1nsertion
pattern information contained 1n the plurality of OFDM sym-
bols, and determines which pilot insertion pattern 1s used in
the plurality of OFDM symbols using the detected informa-
tion; and an OFDM reception processing unit which detects
pilot tones from the plurality of OFDM symbols based on the
determined pilot insertion pattern, and processes the plurality
of OFDM symbols.

The OFDM reception device may further include a storage
unit which stores pilot insertion pattern information which 1s
shared with an OFDM transmission device. In this situation,
the pilot 1nsertion pattern determination unit may read the
pilot 1nsertion pattern information from the storage unit.

The reception unit may receive a plurality of OFDM sym-
bols, only some of which contain pilot tones, 1t a static com-
munication environment 1s established in which the OFDM
reception device receives the plurality of OFDM symbols
while being fixed 1n place. The reception unit may receive a
plurality of OFDM symbols, each of which contains pilot
tones, 1 a dynamic communication environment 1s estab-
lished 1 which the OFDM reception device receives the
plurality of OFDM symbols while moving.

The pilot tones may be inserted 1nto the plurality of OFDM
symbols according to one selected from among a {first pilot
insertion pattern in which pilot tones are inserted into only
one OFDM symbol among every three OFDM symbols, a
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second pilot imsertion pattern 1n which pilot tones are inserted
into only two OFDM symbols among every three OFDM
symbols, a third pilot insertion pattern 1n which pilot tones are
inserted into four OFDM symbols among every five OFDM
symbols, and a fourth pilot mnsertion pattern in which pilot
tones are mserted 1nto each of the plurality of OFDM sym-
bols.

Each pilot insertion position may be set by inserting each
pilot tone nto a single OFDM symbol every twelith tone so
that the pilot tone on the OFDM symbol may be spaced apart
from a pilot tone on a previous OFDM symbol by three tones.
I1 pilot 1nsertion 1s skipped with respect to only some of the
plurality of OFDM symbols according to the type of commu-
nication environment, each pilot tone may be inserted in the
set pilot insertion position on the remainder of the plurality of
OFDM symbols.

Each pilot insertion position may be set by inserting each
pilot tone 1nto a single OFDM symbol every n-th tone so that
the pilot tone on the OFDM symbol may be spaced apart from
a pilot tone on a previous OFDM symbol by m tones. Here, n
and m may be natural numbers. If pilot insertion 1s skipped
with respect to only some of the plurality of OFDM symbols
according to the type of communication environment, each
pilot tone may be 1nserted 1n the set pilot insertion position on
the remainder of the plurality of OFDM symbols.

Each pilot insertion position may be set by inserting each
pilot tone 1nto a single OFDM symbol every n-th tone so that
the pilot tone on the OFDM symbol may be spaced apart from
a pilot tone on a previous OFDM symbol by m tones. Here, n
and m may be natural numbers. Pilot tones may be inserted
according to a pilot insertion pattern 1n which at least one of
n and m 1s adjusted corresponding to the type of communi-
cation environment.

According to another aspect of the present invention, there
1s provided an orthogonal frequency division multiplexing
(OFDM) reception method in an OFDM reception device, the
OFDM reception method including receiving a plurality of
OFDM symbols, of which the data transmission rate varies
according to changes in pilot insertion patterns; detecting
pilot insertion pattern information contained in the plurality
of OFDM symbols, and determining which pilot insertion
pattern 1s used 1n the plurality of OFDM symbols using the
detected information; and detecting pilot tones from the plu-
rality of OFDM symbols based on the determined pilot inser-
tion pattern, and processing the plurality of OFDM symbols.

The detecting and processing may include reading pilot
insertion pattern information which 1s previously stored and
are shared with an OFDM transmission device.

The receiving may include receiving a plurality of OFDM
symbols, only some of which contain pilot tones, 11 a static
communication environment 1s established in which the
OFDM reception device recerves the plurality of OFDM sym-
bols while being fixed 1n place; and recerving a plurality of
OFDM symbols, each of which contains pilot tones, if a
dynamic communication environment 1s established in which
the OFDM reception device receives the plurality of OFDM
symbols while moving.

The pilot tones may be 1nserted 1nto the plurality of OFDM
symbols according to one selected from among a first pilot
insertion pattern in which pilot tones are inserted into only
one OFDM symbol among every three OFDM symbols, a
second pilot insertion pattern in which pilot tones are inserted
into only two OFDM symbols among every three OFDM
symbols, a third pilot insertion pattern in which pilot tones are
inserted into four OFDM symbols among every five OFDM
symbols, and a fourth pilot mnsertion pattern in which pilot
tones are 1nserted 1nto all of the plurality of OFDM symbols.
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Each pilot insertion position may be set by mserting each
pilot tone 1nto a single OFDM symbol every twellith tone so

that the pilot tone on the OFDM symbol may be spaced apart
from a pilot tone on a previous OFDM symbol by three tones.
IT pilot msertion 1s skipped with respect to only some of the
plurality of OFDM symbols according to the type of commu-
nication environment, each pilot tone may be inserted in the
set pilot insertion position on the remainder of the plurality of
OFDM symbols.

Each pilot 1insertion position may be set by mserting each
pilot tone 1nto a single OFDM symbol every n-th tone so that
the pilot tone on the OFDM symbol may be spaced apart from
a pilot tone on a previous OFDM symbol by m tones. Here, n
and m may be natural numbers. If pilot insertion 1s skipped
with respect to only some of the plurality of OFDM symbols
according to the type of communication environment, each
pilot tone may be 1nserted 1n the set pilot insertion position on
the remainder of the plurality of OFDM symbols.

Each pilot insertion position may be set by mserting each
pilot tone 1nto a single OFDM symbol every n-th tone so that
the pilot tone on the OFDM symbol may be spaced apart from
a pilot tone on a previous OFDM symbol by m tones. Here, n
and m may be natural numbers. Pilot tones may be inserted
according to a pilot insertion pattern in which at least one of
n and m 1s adjusted corresponding to the type of communi-
cation environment.

As described above, according to the present invention, a
pilot msertion pattern 1s adaptively selected according to the
type ol communication environment, so it 1s possible to vari-
ably adjust the data transmission rate. Accordingly, the num-
ber of times unnecessary pilot tones are transmitted may be
reduced, and it 1s thus possible to transceirve data more effi-
ciently.

Additionally, 1t 1s possible to adjust a pilot insertion period
and a distance between pilot insertion positions of each
OFDM symbol. Accordingly, 11 the pilot insertion period and
distance are set according to a conventional standard, a sys-
tem according to the present invention may be desired 1in the
same manner as a conventional system employing the con-
ventional standard, so 1t 1s possible to increase the data trans-
mission rate while utilizing the conventional system. In other
words, the OFDM transmission and reception devices have
compatibility with conventional OFDM transmission and
reception devices.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects and advantages of the present
invention will become more apparent by describing in detail
exemplary embodiments thereol with reference to the
attached drawings 1n which:

FIG. 11s a block diagram showing an orthogonal frequency
division multiplexing (OFDM) transmission device accord-
ing to an exemplary embodiment of the present invention;

FIG. 2 1s a detailed block diagram showing the OFDM
transmission device of FIG. 1;

FIGS. 3 to 6 1llustrate examples of various pilot insertion
patterns in which pilot tones are inserted into OFDM symbols
transmitted by the OFDM transmission device of FIG. 1;

FIG. 7 1s a flowchart explaining an OFDM transmission
method according to an exemplary embodiment of the present
imnvention;

FIG. 8 15 a block diagram showing an OFDM reception
device according to an exemplary embodiment of the present
invention;

FIG. 9 1s a detailed block diagram showing the OFDM
reception device of FIG. 8;



US 8,848,506 B2

7

FIG. 10 1s a flowchart explaining an OFDM reception
method according to an exemplary embodiment of the present

invention; and

FIGS. 11 and 12 illustrate examples of various pilot inser-
tion patterns which are applicable to OFDM symbols trans-
ceived between the OFDM transmission device and the
OFDM reception device.

DETAILED DESCRIPTION OF TH
EXEMPLARY EMBODIMENTS

(L]

Hereinafter, exemplary embodiments of the present inven-
tion will be described in detail with reference to the accom-
panying drawings.

FI1G. 1 1s a block diagram showing an orthogonal frequency
division multiplexing (OFDM) transmission device accord-
ing to an exemplary embodiment of the present invention. The
OFDM transmission device of FIG. 1 includes an OFDM
transmission processing unit 110, a pilot insertion unit 120
and a control unit 130.

The OFDM transmission processing unit 110 generates a
plurality of OFDM symbols to be transmitted to an OFDM
reception device (not shown). In more detail, 1f transport
streams (1T'S) are received from a broadcasting apparatus, the
OFDM transmission processing unit 110 modulates the
received TS on a plurality of sub-carriers, to generate a plu-
rality of OFDM symbols. The configuration of the OFDM
transmission processing unit 110 will be described 1n detail
later.

The control unit 130 selects a pilot insertion pattern
according to the communication environment between the
OFDM transmission device and an OFDM reception device.
Specifically, the control unit 130 may select one pilot inser-
tion pattern corresponding to the current communication
environment from among a plurality of pilot insertion pat-
terns that have been previously set between the OFDM trans-
mission device and OFDM reception device. For example, 1T
a dynamic communication environment 1s established, that is,
if an OFDM reception device recetves a broadcast while
moving, the control unit 130 may select a pilot 1nsertion
pattern 1n which a large number of pilot tones are used.
Alternatively, 1f a static communication environment 1s estab-
lished, that 1s, 1f an OFDM reception device that 1s unable to
move receives a broadcast, the control unit 130 may select a
pilot isertion pattern in which a small number of pilot tones
are used.

The type of communication environment may be deter-
mined by taking into consideration the characteristics of a
system to which an OFDM transmission mode 1s applied. For
example, 1n the case of a system to transmit High-Definition
(HD) grade broadcasting data, HD grade broadcasting data
has a larger capacity than Standard-Definition (SD) grade
broadcasting data, and thus requires an increase 1n the data
transmission rate. Accordingly, a pilot insertion pattern in
which a relatively small number of pilot tones 1s used may be
selected, such as a static communication environment.

The pilot 1sertion unit 120 inserts pilot tones nto the
plurality of OFDM symbols generated by the OFDM trans-
mission processing unit 110. Here, the pilotinsertion unit 120
may insert each pilot tone 1nto positions of the OFDM sym-
bols set according to the pilot insertion pattern selected by the
control unit 130. A pilot insertion process has been published
in the DVB-T standard, so detailed description thereof is
omitted.

FIG. 2 1s a detailed block diagram showing the OFDM
transmission device of FIG. 1. The OFDM transmission
device further includes a storage unit 140 and an mnput unit

10

15

20

25

30

35

40

45

50

55

60

65

8

150, 1n addition to the OFDM ftransmission processing unit
110, pilot mnsertion unit 120 and control unit 130.

The OFDM transmission processing unit 110 generates a

plurality of OFDM symbols and transmits the generated
OFDM symbols to a reception device via an antenna. The
OFDM transmission processing unmit 110 includes a scram-
bler 111, a Forward Error Correction (FEC) encoder 112, a
mapper 113, an Inverse Fast Fourier Transform (IFFT) pro-
cessing unit 114 and a digital-to-analog converter (DAC) 1135.
The scrambler 111 randomizes data to be transmitted.
The FEC encoder 112 detects errors that occurs 1n a recep-
tion device and performs encoding on OFDM data to collect
the detected errors. Specifically, the FEC encoder 112 per-
forms encoding including convolutional encoding and Reed-
Solomon (RS) encoding.

The mapper 113 maps the coded OFDM data using a sym-
bol constellation, such as Quadrature Phase Shift Keying
(QPSK), 16-Quadrature Amplitude Modulation (QAM) or
64-QAM. In the case of general DVB-T transmission sys-
tems, the 64-QAM constellation 1s used. If a TV transmission
mode 1s activated in the DVB-T transmission system, the
mapper 113 uses a symbol constellation 1n which inphase (1)
and quadrature ((Q) components of the OFDM symbols are
regularly projected at coordinates of (-7, -5, -3, -1, 1, 3, 5,
7).

The IFFT processing unit 114 performs IFFT processing,
so that frequency domain OFDM signals are converted into
time domain OFDM signals. In more detail, the IFFT pro-
cessing unmt 114 allocates frequency domain OFDM signals
comprising a plurality of pieces of parallel data to a plurality
ol sub-carriers, modulates the frequency domain OFDM sig-
nals and outputs time domain OFDM symbols.

The pilot mnsertion unit 120 generates pilot tone signals for
the I and Q components of the OFDM signal, and transmits
the generated pilot tone signals to the IFFT processing unit
114. Accordmgly,, the IFFT processing unit 114 may perform
IFFT processing, so that the pilot tone signals may be dis-
posed 1n each position within the OFDM symbols.

The DAC 113 performs digital-to-analog conversion on the
OFDM symbols output from the IFFT processing unit 114, so
that these OFDM symbols are transmitted to the reception
device via the antenna.

Although not shown 1n FIG. 2, the OFDM transmission
processing unit 110 may further include a guard interval (GI)
insertion unit which mserts Gls into the leading end of each
OFDM symbol, a synchronization information insertion unit
which iserts timing synchronization signals and Pseudo-
random Noise (PN) sequences 1nto the front of the GIs, a filter
unmt which filters the OFDM symbols into which the PN
sequences are imserted so that the OFDM symbols display
predetermined wavelorms, and a radio frequency (RF) pro-
cessing unit which transmits the filtered OFDM symbols via
wireless channels. As described above, the configuration of
the OFDM ftransmission processing unit 110 may differ
among various exemplary embodiments of the present mnven-
tion.

The storage unit 140 stores a plurality of pilot insertion
patterns. The OFDM transmission device according to the
exemplary embodiment of the present invention shares the
pilot msertion patterns with an OFDM reception device (not
shown). Each of the plurality of pilot insertion patterns may
be stored matching the type of communication environment.
For example, 11 a communication environment where a data
transmission rate 1s important i1s established, a pilot insertion
pattern 1 which pilot tones are inserted into only some
OFDM symbols may be used. Alternatively, 1if a communica-
tion environment which requires stable data reception 1s
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formed, for example, a dynamic communication environ-
ment, a pilot insertion pattern, in which pilot tones are indi-
vidually inserted into each of the OFDM symbols, may be
used.

The control unit 130 selects one from among the plurality
of pilot 1nsertion patterns stored in the storage unit 140, and
controls the pilot msertion umt 120 to insert pilot tones into
OFDM symbols 1n accordance with the selected pilot iser-
tion pattern.

In more detail, the control umt 130 may receive informa-
tion regarding the communication environment from the
input unit 150. In response to a transmitter selection signal
input by the input unit 150, the control unit 130 may select one
from among the plurality of pilot insertion patterns. Alterna-
tively, the input unit 150 may be implemented as an interface
capable of receiving information or request regarding the
communication environment from the OFDM reception
device. In this situation, the control unit 130 may select a pilot
isertion pattern in response to the request by the OFDM
reception device through the mput umt 150.

The plurality of pilot insertion patterns stored in the storage
unit 140 generally comply with the DVB-T standard. Accord-
ingly, each pilot tone 1s 1nserted on a single OFDM symbol 1n
a predetermined period, for example every twellth tone. In
this situation, a pilot tone on a current OFDM symbol 1s
spaced apart from a pilot tone on a previous OFDM symbol
by two tones. In order to increase the data transmission rate,
a pilot insertion pattern may be designed 1n which pilot inser-
tion 1s skipped with respect to only some OFDM symbols. In
this situation, pilot tones are 1nserted in a preset position of
remaining OFDM symbols, so the OFDM transmission
device according to the present exemplary embodiment may
perform pilot insertion and pilot detection 1n the conventional
DVB-T transmission system without change.

FIGS. 3 to 6 exemplarily show various pilot insertion pat-
terns, and show only some of the plurality of OFDM symbols
which are continuously transmitted. In FIGS. 3 to 6, a hori-
zontal axis indicates a frequency, so a single line on the
horizontal axis represents a single OFDM symbol; and a
vertical axis indicates time, so the plurality of OFDM sym-
bols may be transmitted in sequence as time passes. Addi-
tionally, white positions indicate data tones, and black tones
indicate pilot tones that are inserted into OFDM symbols. In
order to facilitate understanding of the present imvention,
OFDM symbols shown i FIGS. 3 to 6 are referred to as
symbol 1, symbol 2, symbol 3, . . . , and symbol n, sequen-
tially from top to bottom. Furthermore, the leftmost position
of a single OFDM symbol 1s referred to as position Kmin, and
the rightmost position 1s referred to as position Kmax. While
both positions Kmin and Kmax contain pilot tones as shown
in FIGS. 3 to 6, there 1s no limitation thereto.

FI1G. 3 shows a pilot insertion pattern, in which pilot tones
are mserted into only one OFDM symbol and pilot insertion
1s skipped with respect to two OFDM symbols among every
three OFDM symbols, and which 1s hereinbelow referred to
as a first pilot msertion pattern. Here, pilot tones are inserted
into position Kmax and position Kmin at all times.

As shown 1n the first pilot insertion pattern of FIG. 3, a
second pilot tone 1s serted 1nto the twelfth position from
position Kmin on the first OFDM symbol (namely, symbol 1),
and a third pilot tone 1s inserted into the twelfth position from
the second pilot tone. Accordingly, pilot tones may be
inserted 1nto every twelith position on a single OFDM sym-
bol.

According to the first pilot insertion pattern of FIG. 3, pilot
tones are not inserted 1mnto a second symbol and a third sym-
bol, namely symbol 2 and symbol 3, excluding positions
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Kmin and Kmax, and pilot tones are iserted into a fourth
symbol. On the fourth symbol, a second pilot tone 1s inserted
into a ninth position from position Kmin. For example, 11 a
pilot tone 1s mserted 1nto a third position from position Kmin
on the second symbol and 11 a p1lot tone 1s 1nserted 1into a sixth
position from position Kmin on the third symbol, a pilot tone
may be 1mserted into the ninth position from position Kmin on
the fourth symbol without change. Accordingly, 1t 1s possible
to achieve compatibility with a conventional DVB-T system.
Pilot tones are inserted into other OFDM symbols 1n the same
manner as described above.

FIG. 4 shows a pilot insertion pattern 1n which pilot tones
are 1nserted into two OFDM symbols among every three
OFDM symbols, and more particularly, in which pilot tones

are not iserted 1nto positions, excluding positions Kmin and
Kmax, on a third, sixth, ninth, . . ., 3N-th OFDM symbols.

This pilot msertion pattern 1s hereinbelow referred to as a
second pilot 1insertion pattern.

FIG. 5 shows a pilot insertion pattern 1n which pilot tones
are inserted into four OFDM symbols among every five
OFDM symbols, and more particularly, in which pilot tones
are not mserted 1nto positions, excluding positions Kmin and
Kmax, on a first, sixth, eleventh, . . . , (5N-4)-th OFDM
symbols. This pilot insertion pattern 1s hereinbelow referred
to as a third pilot insertion pattern.

FIG. 6 shows a pilot insertion pattern 1n which pilot tones
are 1nserted into all OFDM symbols. Each of pilot tones
inserted 1nto a certain symbol 1s placed rnightward by three
tones from each of pilottones inserted into a previous symbol.
The pilot insertion pattern shown in FIG. 6 may be employed
in a dynamic communication environment, and hereinatter, 1s
referred to as a fourth pilot insertion pattern.

Pilot tones that are not 1inserted into OFDM symbols 1n the
pilot insertion patterns shown 1n FIGS. 3 to 6 are used as data
tones. Comparing each of the pilot insertion patterns, the
position of pilot tones inserted mto OFDM symbols remains
unchanged on the time axis, except that pilot tones are not
inserted mto some OFDM symbols. These pilot 1nsertion
patterns comply with a conventional DVB-T standard, so 1t 1s
possible for the system according to the exemplary embodi-
ment to have compatibility with a conventional DVB-T sys-
tem.

Kmax 1n the pilot insertion patterns shown i FIGS. 3 to 6
1s 1704 under a 2K FF'T mode set using the DVB-T standard,
so 1704 tone signals may form a single symbol. Additionally,
Kmax 1n the pilot insertion patterns shown 1n FIGS. 3 to 6 1s
6816 under a 8K FFT mode set using the DVB-T standard, so
6816 tone signals may form a single symbol. If pilot tones are
inserted in the same manner as the fourth pilot 1nsertion
pattern, 142 tones of the 1704 tones are used as pilot tones
under the 2K FFT mode, and 568 tones of the 6816 tones are
used as pilot tones under the 8K FFT mode. This corresponds
to 8.3% of the total data transmission rate. Accordingly, one
of the first to third pilot insertion patterns may be selectively
used to reduce the ratio of pilot tones to total tones, so 1t 1s
possible to 1increase the data transmission rate.

The control unit 130 selects one from among the first to
fourth pilot insertion patterns according to the communica-
tion environment, and controls the pilot insertion unit 120 to
insert pilot tones into OFDM symbols 1n the selected pattern.
For example, the control unit 130 may select the fourth pilot
insertion pattern matching the dynamic communication envi-
ronment. Alternatively, if HD grade broadcasting data 1s
transmitted to a fixed reception device, the control unit 130
may select the first pilot insertion pattern. Additionally, 1t 1s
possible for the control unit 130 to select one from among the
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first to fourth pilot insertion patterns, taking into consider-
ation the amount of data to be transmitted or the stability, and
to adopt the selected pattern.

As described above, the pilot insertion patterns may be
selected 1n response to the transmaitter selection signal or the
request by the recerver mput by the mput unit 150.

The control unit 130 needs to notify the OFDM reception
device of which pilot insertion pattern has been used, so that
the OFDM reception device may exactly detect pilot tones
inserted 1n the used pilot insertion pattern and may use the
detected pilot tones for channel equalization and estimation.
Accordingly, the control unit 130 may record pilot insertion
pattern information on some data tones in each of the plurality
of OFDM symbols, and may transmit the information. Alter-
natively, the control unit 130 may record pilot insertion pat-
tern information on at least part of data tones used 1n part of
the OFDM symbols, and may transmit the information. The
pilot insertion pattern information may be represented by one
bit or two bits. For example, 01, 10, 11 and 00 are used as
information to designate the first to fourth pilot 1nsertion
patterns, respectively.

FIG. 7 1s a flowchart explaining an OFDM transmission
method according to an exemplary embodiment of the present
invention. The OFDM transmission device generates a plu-
rality of OFDM symbols (58710). A process for generating,
OFDM symbols has been well known to those skilled in the
art, so detailed description thereof 1s omatted.

The OFDM transmission device selects a pilot 1nsertion
pattern (S720). The pilot insertion pattern may be selected
according to the type of communication environment. In
more detail, the OFDM transmission device may select a pilot
insertion pattern according to whether the OFDM reception
device 1s used 1n a dynamic or static communication environ-
ment, or according to whether there 1s a need to transmit
high-capacity data. In this exemplary embodiment of the
present invention, the OFDM transmission device may select
a pilot msertion pattern from among the pilot mnsertion pat-
terns shown in FIGS. 3 to 6.

Subsequently, the OFDM transmission device inserts pilot
tones 1nto the plurality of OFDM symbols 1n the selected pilot
insertion pattern (S730). The plurality of OFDM symbols into
which pilot tones are inserted according to the selected pilot
insertion pattern are shown in FIGS. 3 to 6.

The OFDM transmission device sequentially transmits the
plurality of OFDM symbols mto which the pilot tones are
inserted (S740). Accordingly, 1t 1s possible to provide OFDM
broadcasting with the data transmission rate matching the
communication environment.

FIG. 8 1s a block diagram showing an OFDM reception
device according to an exemplary embodiment of the present
invention. The OFDM reception device of FIG. 8 includes a
receiving unit 210, a pilot insertion pattern determination unit
220 and an OFDM reception processing unit 230.

The recerving unit 210 receives the plurality of OFDM
symbols from an OFDM transmission device. The plurality of
received OFDM symbols contain pilot tones inserted there-
into based on a change 1n pilot 1nsertion patterns selected
according to the type of communication environment, so the
data transmission rate 1s variable. Here, the OFDM transmis-
s1ion device may have the configuration shown 1n FIG. 1 or 2.

The pilot insertion pattern determination unit 220 detects
the pilot 1nsertion pattern information from the plurality of
received OFDM symbols. The pilot msertion pattern infor-
mation 1s used to notify which pilot insertion pattern has been
used, so the pilot insertion pattern determination unit 220 may
determine the type of pilot insertion pattern using the detected
information. One among the pilot insertion patterns shown 1n
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FIGS. 3 to 6 may be applied to the OFDM symbols, and pilot
insertion patterns having other forms may also be used. Each
of the pilot insertion patterns may be designed in such a
manner that pilot tones are not 1nserted 1nto a predetermined
number of OFDM symbols in regular periods on the time axis
while arrangement of pilot tones are maintained on the fre-
quency axis. Therefore, pilot insertion and pilot detection
processes may be performed 1n the same manner as the con-
ventional DVB-T system.

The OFDM reception processing unit 230 detects pilot
tones from the OFDM symbols based on the determined pilot
insertion pattern, and processes the plurality of OFDM sym-
bols. The configuration of the OFDM reception processing
umt 230 will be described 1n detail with reference to FIG. 9.

FIG. 9 1s a detailed block diagram showing the OFDM

reception device of FIG. 8. The OFDM reception device
shown in FI1G. 9 further includes a storage unit 240 1n addition
to the recerving unit 210, pilot insertion pattern determination
umt 220 and OFDM reception processing unit 230.

The receiving unit 210 includes an analog-to-digital con-
verter (ADC) 211, adown converter 212 and an FF'T process-
ing unit 213. The recerving unit 210 recerves the plurality of
OFDM symbols from the OFDM transmission device.

The ADC 211 converts analog data recerved via an antenna
into digital data, and outputs the converted digital data.

The down converter 212 down-converts the digital data
output from the ADC 211 to a baseband signal.

The FFT processing unit 213 performs FE'T processing on
the down-converted signal, and outputs frequency domain
OFDM symbols.

The pilot msertion pattern determination umt 220 detects
pilot isertion pattern information from data tones contained
in the OFDM symbols output from the FFT processing unit
213, and determines which pilot insertion pattern 1s applied to
the currently received OFDM symbol. Specifically, the pilot
insertion pattern corresponding to the detected information
may be selected from the storage unit 240.

The storage umt 240 stores a plurality of pilot insertion
patterns that have been previously set between the OFDM
reception device and OFDM transmission device. In more
detail, the storage unit 240 may store the pilot insertion pat-
terns shown 1n FIGS. 3 to 6, so it 1s possible to implement the
same configuration as the conventional DVB-T standard hav-
ing compatibility with the conventional DVB-T standard.

The pilotinsertion pattern determination unit 220 sends the
determined pilot insertion pattern to the OFDM reception

processing unit 230.

The OFDM reception processing umt 230 includes an
equalizer 231 and an FEC decoder 232. The OFDM reception
processing unit 230 processes each of the plurality of OFDM
symbols.

I1 the pilot msertion pattern 1s provided by the pilot inser-
tion pattern determination unit 220, the equalizer 231 detects
pilot tones from the plurality of OFDM symbols, and equal-
1zes the OFDM symbols using the detected pilot tones.

The FEC decoder 232 performs forward error correction
processing on the equalized OFDM symbols. The receiving
unit 210 and OFDM reception processing unmit 230 may be
configured 1n the same manner as known to those skilled 1n
the art, so no further detailed description thereot 1s provided.

FIG. 10 1s a flowchart explaining an OFDM reception
method according to an exemplary embodiment of the present
invention. In FIG. 10, when the plurality of OFDM symbols
are received from the OFDM transmission device (51010),
the OFDM reception device determines the position of pilot
tones, namely, the pilot nsertion patterns, using the pilot
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insertion pattern information 1dentified by certain data tones
in the OFDM symbol (51020).

Accordingly, the OFDM reception device detects the pilot
tones according to the determined pilot insertion pattern, and
performs equalization processing on the OFDM symbols
using the detected pilot tones (51030).

Here, the pilot insertion pattern may be selected adaptively
corresponding to an environment in which the OFDM recep-
tion device recerves the OFDM symbols. For example, if the
OFDM reception device 1s able to move 1n the dynamic com-
munication environment, a pilot insertion pattern in which
pilot tones are mserted into each of the plurality of the OFDM
symbols, namely the fourth pilot msertion pattern shown 1n
FIG. 6, may be used. Alternatively, taking into consideration
the data transmission rate, one of the first to third pilot inser-
tion patterns may be optionally selected. Additionally, the
OFDM reception device may transmit communication envi-
ronment information to the OFDM transmission device, or
the communication environment information may be trans-
terred to the OFDM transmission device by various ways.

Various pilot insertion patterns other than the pilot inser-
tion patterns shown 1n FIGS. 3 to 6 may be used, for example,
pilot msertion patterns shown in FIGS. 11 and 12.

Referring to FIG. 11, the OFDM transmission device may
select a pilot insertion pattern by adjusting the pilot insertion
period n and the distance m between a pilot insertion position
in a current OFDM symbol and a pilot imnsertion position in a
previous OFDM symbol. In other words, whileni1s 12 and m
1s 3 1n the pilot insertion patterns shown 1n FIGS. 3 to 6, either
or both n and m may be adjusted so that the pilot insertion
pattern may also be adjusted.

For example, 1f 1t 1s necessary to increase the data trans-
mission rate, that 1s, 1 a static communication environment 1s
formed, the pilot insertion umt 120 of the OFDM transmis-
sion device may set n or m to be greater.

FI1G. 11 shows a pilot insertion pattern when n 1s set to 24
and m 1s set to 4. In this situation, the number of pilot tones
may be extremely reduced even when pilot tones are mserted
into all of the OFDM symbols, so the data transmission rate
may increase.

The control unit 130 may select a pilot insertion pattern in
such a manner of adjusting n and m to correspond to the
communication environment. For example, 1f a dynamic
communication environment 1s formed, the control unit 130
may select a first pilot insertion pattern 1n which n 1s set to 6
and m 1s set to 2. Additionally, 11 a dynamic communication
environment having low mobaility 1s formed, the control unit
130 may select a second pilot isertion pattern in which n 1s
setto 12 or 16 and m 1s set to 3 or 4, so 1t 1s possible to ensure
both the data transmission rate and stability. Furthermore, 1f a
static communication environment without having mobaility,
the control unit 130 may select a third pilot insertion pattern
in which n 1s set to 24 and m 1s set to 4, as shown 1n FIG. 11.
Accordingly, 1t 1s possible to adjust the data transmission rate
while pilot tones being 1inserted into all of the OFDM symbols
on the time axis, differently from the pilot insertion patterns
shown 1n FIGS. 3 to 6.

Additionally, it 1s possible to adjust n and m while pilot
tones are not inserted into part of OFDM symbols, so as to
adjust the data transmission rate. F1G. 12 shows a pilot inser-
tion pattern according to such an exemplary embodiment.

In the pilot insertion pattern shown in FIG. 12, n1s set to 24
and m 1s set to 6, and pilot msertion 1s skipped every third
OFDM symbol. Alternatively, pilot insertion may be skipped
according to use and design environment of the OFDM trans-
mission and reception system. Additionally, n and m remain
unchanged 1n a currently used system environment, taking,
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into consideration the pilot msertion period and position dii-
ference, so the OFDM transmission and reception system
may have compatibility with the conventional system. For
example, 11 n 1s set to 20 and m 1s set to 5 1n the conventional
system, the OFDM transmission and reception system of the
present invention may change the data transmission rate with-
out any change 1n n and m, while pilot tones being inserted
into only some OFDM symbols.

Although a few exemplary embodiments of the present
general inventive concept have been shown and described, 1t
will be appreciated by those skilled in the art that changes
may be made in these exemplary embodiments without
departing from the principles and spirit of the general mven-
tive concept, the scope of which 1s defined in the appended
claims and their equivalents.

The mnvention claimed 1s:

1. An orthogonal frequency division multiplexing (OFDM)
transmission device which transmits OFDM symbols to at
least one reception device, the OFDM transmission device
comprising;

an OFDM transmission processing unit which generates a

plurality of OFDM symbols;

a pilot insertion unit which serts pilot tones into each of

the plurality of OFDM symbols; and

a control unit which controls the pilot msertion unit to

insert the pilot tones according to a pilot insertion pat-
tern which 1s selected to correspond to a communication
environment from among a plurality of pilot insertion
patterns,

wherein the control unit controls the pilot insertion unit so

that when pilot insertion 1s skipped with respect to only
some of the plurality of OFDM symbols according to a
communication environment, each pilot tone is mserted
in the set pilot insertion position on a remainder of the
plurality of OFDM symbols, and

wherein each pilot insertion position 1s set by inserting

cach pilot tone into a single OFDM symbol every n-th
tone so that the pilot tone on the OFDM symbol 1s spaced
apart from a pilot tone on a previous OFDM symbol by
m tones, wherein n and m are natural numbers.

2. The OFDM transmission device as claimed 1n claim 1,
wherein the control unit controls the pilot insertion unit to
insert the pilot tones into only some of the plurality of OFDM
symbols when a static communication environment 1s estab-
lished 1n which the at least one reception device recerves the
plurality of OFDM symbols while stationary.

3. The OFDM transmission device as claimed 1n claim 1,
wherein the control unit controls the pilot 1nsertion unit to
insert the pilot tones into each of the plurality of OFDM
symbols, 11 a dynamic communication environment 1s estab-
lished 1n which the at least one reception device recerves the
plurality of OFDM symbols while moving.

4. The OFDM transmission device as claimed in claim 1,
wherein the control unit selects one from among a first pilot
insertion pattern 1n which pilot tones are inserted into only
one OFDM symbol among every three OFDM symbols, a
second pilot insertion pattern in which pilot tones are inserted
into only two OFDM symbols among every three OFDM
symbols, a third pilot insertion pattern 1n which pilot tones are
inserted into four OFDM symbols among every five OFDM
symbols, and a fourth pilot mnsertion pattern in which pilot
tones are mserted into all of the plurality of OFDM symbols,
and controls the pilot mnsertion unit to 1nsert the pilot tones
into the plurality of OFDM symbols according to the selected
pilot msertion pattern.

5. The OFDM transmission device as claimed 1n claim 4,
turther comprising:



US 8,848,506 B2

15

a storage unit which stores information regarding the first

to fourth pilot insertion patterns; and

an put unit which inputs information regarding the com-

munication environment,
wherein the control unit selects a pilot insertion pattern
corresponding to the information regarding the commu-
nication environment recerved from the mput unit, and
the pilot msertion unit reads information regarding the
selected pilot insertion pattern from the storage unit and
inserts the pilot tones based on the read information.
6. The OFDM transmission device as claimed 1n claim 1,
wherein the pilot mnsertion unit 1nserts each pilot tone into a
single OFDM symbol every twelfth tone so that the pilot tone
on the OFDM symbol 1s spaced apart from a pilot tone on a
previous OFDM symbol by three tones.
7. The OFDM transmission device as claimed 1n claim 1,
wherein the pilot insertion unit inserts each pilot tone 1nto a
single OFDM symbol every n-th tone so that the pilot tone on
the OFDM symbol 1s spaced apart from a pilot tone on a
previous OFDM symbol by m tones, and
wherein n and m are natural numbers.
8. The OFDM transmission device as claimed 1n claim 7,
wherein the control unit changes the pilot insertion pattern by
adjusting at least one of n and m according to the communi-
cation environment.
9. The OFDM transmission device as claimed 1n claim 7,
wherein n and m are fixed values.
10. The OFDM transmission device as claimed 1n claim 1,
wherein the control unit notifies the at least one reception
device of information regarding the selected pilot insertion
pattern via data tones in at least one OFDM symbol among the
plurality of OFDM symbols.
11. An orthogonal frequency division multiplexing
(OFDM) transmission method which transmits OFDM sym-
bols to at least one reception device, the OFDM transmission
method comprising:
generating a plurality of OFDM symbols;
selecting one pilot insertion pattern from among a plurality
ol pilot insertion patterns according to a communication
environment with the at least one reception device;

inserting pilot tones to each of the plurality of OFDM
symbols according to the selected pilot insertion pattern;
and

transmitting the plurality of OFDM symbols to the at least

one reception device,

wherein 11 pilot insertion 1s skipped with respect to only

some of the plurality of OFDM symbols according to a
communication environment, each pilot tone is mserted
in the set pilot insertion position on a remainder of the
plurality of OFDM symbols, and

wherein each pilot msertion position 1s set by inserting

cach pilot tone into a single OFDM symbol every n-th
tone so that the pilot tone on the OFDM symbol 1s spaced
apart from a pilot tone on a previous OFDM symbol by
m tones, wherein n and m are natural numbers.

12. The OFDM transmission method as claimed 1n claim
11, wherein the selecting comprises selecting a pilot insertion
pattern 1n which pilot tones are inserted into only some of the
plurality of OFDM symbols when a static communication
environment 1s established 1n which the at least one reception
device receives the plurality of OFDM symbols while station-
ary.

13. The OFDM transmission method as claimed 1n claim
11, wherein the selecting comprises selecting a pilot insertion
pattern 1 which pilot tones are inserted into each of the
plurality of OFDM symbols, 11 a dynamic communication
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environment 1s established 1n which the at least one reception
device recerves the plurality of OFDM symbols while mov-
ing.

14. The OFDM transmission method as claimed 1n claim
11, wherein the selecting comprises selecting one from
among a first pilot insertion pattern in which pilot tones are
inserted mnto only one OFDM symbol among every three
OFDM symbols, a second pilot insertion pattern in which
pilot tones are mserted 1nto only two OFDM symbols among
every three OFDM symbols, a third pilot insertion pattern 1n
which pilot tones are inserted ito four OFDM symbols
among every five OFDM symbols, and a fourth pilot insertion
pattern in which pilot tones are inserted 1into all of the plurality
of OFDM symbols, according to the type of communication
environment.

15. The OFDM transmission method as claimed 1n claim
11, wherein the 1nserting comprises inserting each pilot tone
into a single OFDM symbol every twelith tone so that the
pilot tone on the OFDM symbol 1s spaced apart from a pilot
tone on a previous OFDM symbol by three tones.

16. The OFDM transmission method as claimed 1n claim
11, wherein the 1nserting comprises mserting the pilot tones
into the plurality of OFDM symbols according to a pilot
isertion pattern in which each pilot tone 1s mserted on a
single OFDM symbol every n-th tone so that the pilot tone on
the OFDM symbol 1s spaced apart from a pilot tone on a
previous OFDM symbol by m tones, and

wherein n and m are natural numbers.

17. The OFDM transmission method as claimed 1n claim
16, wherein the selecting comprises selecting one from
among the plurality of pilot insertion patterns by adjusting at
least one of n and m according to the communication envi-
ronment.

18. The OFDM transmission method as claimed in claim
16,

and wherein n and m are fixed values.

19. The OFDM transmission method as claimed 1n claim
11, further comprising notifying the at least one reception
device of information regarding the selected pilot 1nsertion
pattern via data tones 1n at least one OFDM symbol among the
plurality of OFDM symbols.

20. An orthogonal {frequency division multiplexing
(OFDM) reception device, comprising:

a recerving unit which receives a plurality of OFDM sym-
bols, of which the data transmission rate varies accord-
ing to changes in pilot insertion patterns;

a pilot insertion pattern determination unit which detects
pilot insertion pattern information contained 1n the plu-
rality of OFDM symbols, and determines which pilot
insertion pattern 1s used in the plurality of OFDM sym-
bols using the detected information; and

an OFDM reception processing unit which detects pilot
tones from the plurality of OFDM symbols based on the
determined pilot insertion pattern, and processes the
plurality of OFDM symbols,

wherein if pilot 1nsertion 1s skipped with respect to only
some of the plurality of OFDM symbols according to a
communication environment, each pilot tone 1s inserted
in the set pilot insertion position on a remainder of the
plurality of OFDM symbols, and

wherein each pilot insertion position 1s set by inserting
cach pilot tone into a single OFDM symbol every n-th
tone so that the pilot tone on the OFDM symbol 1s spaced
apart from a pilot tone on a previous OFDM symbol by
m tones, wherein n and m are natural numbers.

21. The OFDM reception device as claimed 1n claim 20,

turther comprising:
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a storage unit which stores pilot insertion pattern informa-
tion which 1s shared with an OFDM transmission device,

wherein the pilot insertion pattern determination unit reads

the pilot insertion pattern information from the storage
unit.

22. The OFDM reception device as claimed in claim 20,
wherein the reception unit receives a plurality of OFDM
symbols, only some of which contain pilot tones, if a static
communication environment 1s established in which the

OFDM reception device recerves the plurality of OFDM sym-
bols while being stationary, and the reception unit recerves a
plurality of OFDM symbols, each of which contains pilot
tones, 1 a dynamic communication environment 1s estab-
lished 1n which the OFDM reception device receives the
plurality of OFDM symbols while moving.

23. The OFDM reception device as claimed in claim 20,
wherein the pilot tones are inserted into the plurality of
OFDM symbols according to one selected from among a first
pilot insertion pattern 1n which pilot tones are 1nserted into
only one OFDM symbol among every three OFDM symbols,
a second pilot insertion pattern in which pilot tones are
inserted into only two OFDM symbols among every three
OFDM symbols, a third pilot insertion pattern 1n which pilot
tones are mserted into four OFDM symbols among every five
OFDM symbols, and a fourth pilot insertion pattern in which
pilot tones are inserted nto each of the plurality of OFDM
symbols.

24. The OFDM reception device as claimed 1n claim 20,
wherein each pilot insertion position 1s set by inserting each
pilot tone nto a single OFDM symbol every twelith tone so
that the pilot tone on the OFDM symbol 1s spaced apart from
a pilot tone on a previous OFDM symbol by three tones.

25. The OFDM reception device as claimed in claim 20,
wherein each pilot insertion position is set by inserting each
pilot tone 1nto a single OFDM symbol every n-th tone so that
the pilot tone on the OFDM symbol 1s spaced apart from a
pilot tone on a previous OFDM symbol by m tones, wherein
n and m are natural numbers, and pilot tones are mserted
according to a pilot insertion pattern in which at least one of
n and m 1s adjusted corresponding to a communication envi-
ronment.

26. An orthogonal frequency division multiplexing
(OFDM) reception method 1n an OFDM reception device, the
OFDM reception method comprising;:

receiving a plurality of OFDM symbols, of which the data

transmission rate varies according to changes 1n pilot
insertion patterns;

detecting pilot insertion pattern information contained in

the plurality of OFDM symbols, and determining which
pilot msertion pattern 1s used 1n the plurality of OFDM
symbols using the detected information; and

detecting pilot tones from the plurality of OFDM symbols

based on the determined pilot insertion pattern, and pro-
cessing the plurality of OFDM symbols,

wherein 1f pilot 1nsertion 1s skipped with respect to only

some of the plurality of OFDM symbols according to a
communication environment, each pilot tone 1s inserted
in the set pilot mnsertion position on a remainder of the
plurality of OFDM symbols, and

wherein each pilot msertion position 1s set by inserting

cach pilot tone 1nto a single OFDM symbol every n-th
tone so that the pilot tone on the OFDM symbol 1s spaced
apart from a pilot tone on a previous OFDM symbol by
m tones, wherein n and m are natural numbers.

27. The OFDM reception method as claimed 1n claim 26,
wherein the detecting and processing comprises reading pilot
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insertion pattern information which 1s previously stored and
1s shared with an OFDM transmission device.

28. The OFDM reception method as claimed 1n claim 26,
wherein the receiving comprises:

recerving a plurality of OFDM symbols, only some of

which contain pilot tones, 11 a static commumnication
environment 1s established 1n which the OFDM recep-
tion device receives the plurality of OFDM symbols
while stationary; and

recewving a plurality of OFDM symbols, each of which

contains pilot tones, 1f a dynamic communication envi-
ronment 1s established in which the OFDM reception
device recerves the plurality of OFDM symbols while
moving.

29. The OFDM reception method as claimed 1n claim 26,
wherein the pilot tones are inserted into the plurality of
OFDM symbols according to one selected from among a first
pilot insertion pattern in which pilot tones are inserted into
only one OFDM symbol among every three OFDM symbols,
a second pilot insertion pattern in which pilot tones are
inserted into only two OFDM symbols among every three
OFDM symbols, a third pilot insertion pattern in which pilot
tones are mserted mto four OFDM symbols among every five
OFDM symbols, and a fourth pilot insertion pattern in which
pilot tones are inserted into all of the plurality of OFDM
symbols.

30. The OFDM reception method as claimed 1n claim 26,
wherein each pilot insertion position 1s set by 1nserting each
pilot tone 1nto a single OFDM symbol every twelfth tone so
that the pilot tone on the OFDM symbol 1s spaced apart from
a pilot tone on a previous OFDM symbol by three tones.

31. The OFDM reception method as claimed 1n claim 26,
wherein each pilot insertion position 1s set by inserting each
pilot tone 1nto a single OFDM symbol every n-th tone so that
the pilot tone on the OFDM symbol 1s spaced apart from a
pilot tone on a previous OFDM symbol by m tones, wherein
n and m are natural numbers, and pilot tones are iserted
according to a pilot insertion pattern 1n which at least one of
n and m 1s adjusted corresponding to a communication envi-
ronment.

32. An orthogonal {frequency division multiplexing
(OFDM) transmission device, comprising;:

a pilot insertion unit which inserts pilot tones into OFDM

symbols; and
a control unit,
wherein the control unit selects a pilot 1nsertion pattern
according to a communication environment, and

wherein 11 pilot insertion 1s skipped with respect to only
some of the plurality of OFDM symbols according to a
communication environment, each pilot tone is iserted
in the set pilot insertion position on a remainder of the
plurality of OFDM symbols, and

wherein each pilot insertion position 1s set by inserting

cach pilot tone 1nto a single OFDM symbol every n-th
tone so that the pilot tone on the OFDM symbol 1s spaced
apart from a pilot tone on a previous OFDM symbol by
m tones, wherein n and m are natural numbers.

33. The OFDM transmission device according to claim 32,
wherein the control unit selects one pilot 1sertion pattern
corresponding to the communication environment from
among a plurality of previously set pilot insertion patterns.

34. The OFDM transmission device according to claim 33,
wherein the control umit selects a pilot insertion pattern in
which a large number of pilot tones are used when a reception
device receives a broadcast while moving.

35. The OFDM transmission device according to claim 33,
wherein the control umit selects a pilot insertion pattern in
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which a small number of pilot tones are used when a reception
device that does not move recetves a broadcast.

36. The OFDM transmission device according to claim 32,
wherein a pilot insertion patterns 1s selected in response to a
request by a reception device.

37. An orthogonal frequency division multiplexing
(OFDM) transmission method, comprising;

inserting, with a pilot insertion unit, pilot tones into OFDM

symbols; and

selecting, with a control unit, a pilot nsertion pattern

according to characteristics of a communication envi-
ronment,

wherein 1f pilot 1nsertion 1s skipped with respect to only

some of the plurality of OFDM symbols according to a
communication environment, each pilot tone 1s inserted
in the set pilot mnsertion position on a remainder of the
plurality of OFDM symbols, and

wherein each pilot msertion position 1s set by inserting

cach pilot tone mnto a single OFDM symbol every n-th
tone so that the pilot tone on the OFDM symbol 1s spaced
apart from a pilot tone on a previous OFDM symbol by

m tones, wherein n and m are natural numbers.
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38. The OFDM transmission method according to claim
3’7, wherein the selecting comprises selecting one pilot inser-

tion pattern corresponding to the characteristics of the com-
munication environment from among a plurality of previ-
ously set pilot insertion patterns.

39. The OFDM transmission method according to claim
38, wherein the selecting further comprises selecting a pilot
insertion pattern 1in which a large number of pilot tones are
used when a reception device recerves a broadcast while
moving.

40. The OFDM transmission method according to claim
38, wherein the selecting further comprises selecting a pilot
insertion pattern in which a small number of pilot tones are
used when a reception device that does not move receives a
broadcast.

41. The OFDM transmission method according to claim
377, wherein the selecting further comprises selecting a pilot
isertion patterns in response to a request by a reception

20 device.
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